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ABSTRACT 

Scanning electron microscopy was used to examine the lemma micromorphology of 30 
genera and 57 species in the tribe Eragrostideae. Results show four silica deposition 
patterns: 1) cork cell associated with silica cell; 2) cork cell solitary; 3) cork cell with 
papillae; 4) cork cell not observed. The presence or absence of epidermal papillae, prickle 
hairs, micro- and macro-hairs is reported. An electron beam x-ray microanalysis indicated a 
high silica concentration in all structures examined including the cork cells. The distribu¬ 
tion of cork cells and silica bodies has taxonomic significance and two subtribes within the 
tribe arc proposed. 

Key word: lemma micromorphology, silica deposition patterns, taxonomic significance, 
Eragrostideae, Poaceae. 


Ri-:siJMEN 

Se examino la micromorfologia de la lema de 30 gcncros y 57 especies de la tribu 
Eragrostideae mediante microscopia electronica de barrido. Los resultados muestran cuatro 
patrones de deposicion de silice: 1) celula suberitera asociada con celula silici'fera; 2) celula 
suberifera solitaria; 3) celula suben'fera con papila; 4) no sc observe celula suberifera. Se 
reporta la presencia o ausencia de papilas epidermicas, aguijones, micropelos y macropelos. 
El microanalisis con haz electronico de Rayos X mdico una alta concentracion de silice en 
todas las estructuras examinadas, incluyendo las celulas subenferas. La distribucion de 
celulas suberiferas y cuerpos de silice tiene significado taxonomico y se proponen dos dentro 
de la tribu. 

Palabras clave: micromorfologia de la lema, parrones de deposicion de silice, significado 
taxonomico, Eragrostideae, Poaceae. 

iNTRcn^tJcrrioN 

The Eragrostideae tribe is composed of warm season grasses with a center 
of distribution in Africa, with extensions to the Indian subcontinent and 
Australia, and a sizeable incursion into North America (Phillips 1982). In 
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North America this tribe is best represented in the semiarid southwestern 
United States and northern Mexico, where it may comprise more than 50 
percent of the grass vegetation (Gould and Shaw 1983). 

In the United States and Mexico the tribe is represented by approxi¬ 
mately 26 genera and 250 species of native and introduces grasses. The 
largest genera are llragrostis, Muhhnbergia, and Sporoholus. Whereas, there 
are two or three genera of medium size, and the rest of the tribe is composed 
of an unusually large proportion of small, often monotypic, genera. 

Members of the Eragrostideae contain paniculate inflorescences that are 
composed of several racemose or spicate branches, occasionally reduced to a 
simple spike. Spikelets commonly have 1 to several florets and the reduced 
florets when present are usually above the perfect ones. Disarticulation is 
above the glumes except in Lyaou/s and a few species of Muhknbergia. 
Lemmas are 3-nerved, except in Sporoboh/s and Calanwvilfa, which have 1- 
nerved lemmas, and in Vaseyochloa, with several-nerved lemmas. Caryopses 
have a large embryo with a punctiform or ellipsoid hilum, sometimes en¬ 
closed within a free pericarp (Phillips 1982; Gould and Shaw 1983). 

Renvoize ( 198 3) surveyed the leaf blade anatomy of the tribe and con¬ 
cluded that its genera have adapted to pioneer or harsh habitats. In adapt¬ 
ing to such extremes the leaf blade morphology and anatomy have become 
highly modified. 

Micromorphological features of the floral bracts of grasses have been 
utilized recently as valuable characters that reflects systematic relation¬ 
ships and evolutionary trends. Studies of the lemma micromorphology 
have been reported by Bjorkman (I960), Hsu (1965), Baum (197 1), Clark 
and Gould (1975), Thomasson (1978a, 1978b, 1980, 1981, 1984, and 
1986), Shaw and Smeins (1979), Terrell et al. (1983), Webster and Hatch 
(1983), Thompson (1983), and Barkworth (1983). Specific studies of silica 
cell and silica bodies were reported by Terrell and Wergin (1981). In addi¬ 
tion silica cells and silica bodies have been recognized as structures of tax¬ 
onomic significance in the grass family by numerous investigators includ¬ 
ing Metcalfe (1960), Ellis (1979), Palmer and Tucker (1981), and in other 
monocotyledons (Stant 1973). 

However, few Investigations of the lemma micromorphology of the 
Eragrostideae have been made with the exception of Sanchez (1983, 1984), 
who examined the epidermis of glumes, lemmas and paleas of Blephriclachne 
and iWNiimi, and Peterson (1989), Peterson et al. (1989) who reported on 
the lemma micromorphology and leaf anatomy for 32 species of annual 
iWnblcubery^hi. Therefore, our objective was to study epidermal features of 
the lemma of 30 genera, 57 species, and two varieties of this tribe using 
scanning electron microscopy. Our specific objective was to document 
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lemma micromorphology and detect different distributions of any 
epidermal patterns restricted to specific genera. This informarion would 
enable further evaluation of the phylogeny of the tribe. 

MATHRIALS AND METHODS 

Lemmas of 57 species representing 30 genera of the Eragrostideae tribe 
were examined (Table 1) from herbarium specimens (ENCB, TAES, TEX). 
Specimens were selected to be representative of their respective genera in 
the Eragrostideae. Although primarily New World genera were examined, 
a few Old World genera were included. Three or more specimens per 
species were selected from different localities. All materials were identified 
using the most current treatments of the tribe available (Gould 1979; 
Gould and Shaw 1983). Lemmas were removed from the first and second 
florets of mature spikelets, oriented with the apex at the right, mounted on 
aluminum stubs with Avery’s spot-o-glue to observe the abaxial surface, 
and then coated with 20 nm of gold palladium in a vacuum evaporator. 

'Iahi I 1. C;ollectors and localities for the spccihc specimens studied, analyzed, and photographed with 
SHM. 


Bhfhciruhiclvii- (S. Wats.) Hack. - U.S.A. 'fixAs. Pecos Co.. Wemwik -46198 (TAES). 

BUfhdromwon Indmlepis (Torn) Nash — MEXICO. Dokanoo' « mi N of Estacion Coyotes, Bnedlove 
1H835 (TAES) 

CiiLinwvtiJa (Nutt.) Scribn. cV Merr. — II.S A Ti xas Hutchinson Co.: 8 mi S of Burger, 

GohUI iVu^ (TAES). 

ChaimmaM IMurn. — MEXICO Jaii.vo: 0|uelos, SVYangh 17038 (TAES). 

Cn7>i/( nilu/u! Eig. & DeNot. — U S A (.aiiiornia. Merced (.o.. Cnimptnii 3 57) (TAES). 

Cry/A/i uhnmmla- (E.) Lam. — U.S.A. (.aiiuirnia Sonoma Co.. Ruhtznff (TAES). 

Dcn-t'ihntmuini a,:gypti:im (L.) Beauv. - - U.S.A Ti xas San Patricio Co.: Schtenkr 6329 (TAES). 

IXnyochlua piikhdla (H.B.K.) Willd. cc Rydb. — MEXICO (.oahuu.a: Saltillo, Vahks-R. I 570, 
IhitLhetal. 505 5rf(TAES). — U.S.A. Ti xas. Presidio Co. VaUh-R. /69/(TAES). 

likmuh- nuiiu! (E.) Gacrtn. — MEXICO, (.iiiafas. Tenejape, Bmdlwt 1-4882 (TAl.S). 

Eragt-nMn ciluirn (E.) R Br. — U.S.A. Euirida: (.anal Point, Sdvein 4065 (TAPS), 

Ilnigmtn a/rlipediadhita Buckl. — U.S A. Ti xa.s. Archer (.o. GoM 97^6 (TAPS). 

Enigrmt/s craM Scribn. — MEXICO Ciiiim ahi a: Guachochic, 6954 CEAES). 

Rnigrostn mexnand (Hornetn.) Link — MEXICO Nri vo l.iox: Galeana, Ihthh et id. 4388 (TAES). 

lircigmsUs u/perhii Peyr. — U.S.A Ni w Mixuo. Dona Ana (,o.: 3't'luii 18 (lAl'.S). 

lirmm/rfw uvaUMiiiii (H B.K.) Tateoka — MEXICO Coamkiia. (Seneral Cepeda, Valdts-R. 1561 
(TAES), HinAi.c,o: I I mi N lxmic]uilpan,6VWr/9564 (TAE.S). Mi xi< o- 1 km N San Juan Teotihu- 
acan, Rzedmnhi /7/24(TAES). NtivoLion. Cfaleana, Ihitihet.d. 4993 (TAES). San I.uks Ptmcsi: 
Guadalcazar, \Gldei-R. 1612 (TAES); \■idde^-R 1613. 1630 (TAES). Zacamaas: El Tecomote, 
Rtrder 6292 (ENCB). 

E. avaniu/m van Io>;gighims Parodi ARGENTINA, jrmv: Tilcara, Corrdl d cd. A6l6 (TEX). 
,i;)v/wr/y/«r/tw(Vasey)Tataoka — MEXICO. Mixico. Puebla, 9 km NW of San Lorenzo, 9.5/5 

(TAES). 

/:'. W/cv (Vasey) 'Eareoka — MEXK.O. Coaiuui.a: Acuna, Waidas-R. 1246 (TAES). Saltillo, Valde^- 
R 131 1. 1 3 39 (TAES), Hahh d cd. 5050 (TAES). Di rancio: Poanas, Gonzahz 2792 (TAES). 
Ni 1 VO Lion: Galeana, ft.//. 5002 (TAES),'T/ZcoC/i.«, (TAES). — U.S.A, Ti xa.s. Presidio, 

ViddedR 1689 (TAES). 
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Tahi 1 


I continued 


li . piltnum (Buckl.) Nash — MEXICO. Coahiiii.a: Est. Carneros, Saltillo, Viildes-R. 1502 
(TAES). — IJ.S.A, Tixas. Travis Co.- Austin, VaUes-R. 1653 (TAES). 

Goiiuiui vngdta (Ftesl.) Scribn. — MEXICO. Sinai.oa: 5 mi N of Mazatlan, Gould 12233 (TAES). 
Gywunpngon folwxm (Willd.) Nees — BRAZIL. Bahia: Gallieirao, Davidse 12145 (TAES). 
Upioturydiou vulpuntrum (De Not.) Stapf — KEYNA. Kiboko Res. Sta., llahh 4236 (TAES). 
Leplochhu, duhm (H B.K.) Nees — MEXK,0. CdAiuni.A: Buenavista, Gould (',3131 (TAES). 
lApoihlod iimumici (Presl.) EBtchc. & Chase. ~ U.S.A. Ti xas. Hidalgo Co.; Lonard 2751 (TAES). 
Lyiurm phlmuhi E(.B K. — ME.XKT). (.oaiiuii a: Sierra de Zapaliname, Saltillo, Hatch et ul. 4499 
(TAES). 

MuhleiiUrgia auenkyi Vase}-MEXICO. Ciiiin'Aiii'A: Chihuahua, Valdes-R. 144 (TAES). 

Miihlcubagia JaiHguita (Presl.) Henrard — BOLIVIA. Pi -no: Cam|ata Hacienda, Tulin 975 (NY). 
iWuhlcuhergia unuunydnna (Steud.) Swallcn — MEXICO Baia Cai.ii-ornia: Sierra San Pedro Martir 
/\l«iv/« 246')) (TAES). 

iWuhknbergui plumbca Scribn. in Beal ~ MEXICO. TIaxcala; El Carmen, Sohm 622 (TAES). 
Muhlcnk-ygn, pungens Thurb. — U.S.A. Niw Mi xk o. McKinley Co.: Morden et al. ,H60 (TAES). 
Alunroa (Nutt.)Torr. - - MEXICO. Chiiuiaiiiia: 4. I mi N ofSamalayuca, Hendrickson 7490 

(TEX). — IJ.S.A. Tixas. Andrews Co.: Powell 5«S2 (TAES). 

NeeragroMii reptaw (Michx.) Nicora ~ MEXICO. Coaiu-ica: Sabinas, Gould 11241 (TAES). 
Pemlcna citatum Eourn. -- MEXICO. Chiapas: 15 mi S of Ocozocoautla, Brunken & Per,no 5/4 
(TAES). 

Peretlema crinttum Presl MEXICO. Chiapas: )6 km E of Tuxtia Gutierrez, Gould & Hatch 14574 
(TAES). 

Redjieldut plexuosa (Thurb.) — Vasey U.S.A. Nihuaska. Minden, Hapeman (TAES). 

Sileropogon hrevijohus Phil. — MEXICO. Pki hi.a: 4 I km SW of Perote, Ver. Koch 77211 (TAES). 
Sohnaa JiliJolia (Eourn.) Airy Shaw — ME.XICO. San Eiiis Poiosi: Guadalcazar, Sohns 1341 (TAES). 
SporoMut airoides (Torn) Torn — MEXK.O. Coahuii.a: 3 mi N of Parras, Gould 1 1550 (TAES). 

3'. asper (Michx.) Kunth var. apr — U.S.A. Tixas. Jack Co.: Gould 10286 (TAES). 

3. (A/Wri//WH (Bichler)Hitcht. var. a/m/r/ra/i (Nash) Shinners — U.S.A. Ti xas. Robertson Co ■ Gould 
1104'^ (TAES) 

3. c-yptandr/n (Torr.) Gray — MEXICO. CtiAHiniA: Piedras Negras, Gould 11283 (TAES). 

3. mdteus (E.) R. Br. — MEXICO. Jaii.sco: 2 mi W of Ayo el Chico, MeVaugh 17206 (TAES). 

3. giganleus Nash - - U.S.A. Tixas. Bailey Co.: 2 mi E of Mule-shoe, Gould 7747 (TABS). 

3. neglectus Nash — U S.A. Mis.souki. Barton Co.: Rtggtns 123 (TAES). 

3. nzarkanus — Fern. U.S.A. Mi.s.sohri. Jefferson Co.. Rtggtns 444 (TAES). 

3, pyranudatus (Lam.) Hitchc. — MEXICO. Mixko: Ecatepec, Rzedowsk, 20235 (TAES). 

Trnhoncura elegam Swallen — U.S.A. Tixas. Cameron Co.: Lonard 3183 (TAES). 

Tridens albescens (Va.sey) Woot. cV Standi. — MEXICO. Ni-i vd Li-.on: Montemorelos, Gould 12860 
(TAES). 

V: congestus (L.H Dewey) Nash — U S.A. Tixa.s. San Pacncio Co.: Sinton, Hatch 4125, (TAES). 

■/: mutnus (Torr.) Nash — MEXICO. Chihhahi-a: Ojinaga, Valdes-R. 719 (TAES). 

T mulicits var. elougaten (Buckl.) Shmners — U S.A. Ti.xas. Young Co.: Gould s.n. (TAES). 

T. stnetm (Nutt ) Nash — U.S.A. Tixas. Kenedy Co.: Johnson 1357 (TAES). 
r . te\anu\ (S. Wats.) Nash -- MEXICO. Ni-ivo Lion: Monterrey, Valdes-R. 1497 (TAES). 
'Irinioihloa stipoidei (H.B.K.) Hitchc. ~ MEXICO. Mixuo: Juehitepec, Rzedowski 3262 5 (TAES). 
Trtodta irritant R Br. var. laxtspicala N.T. Burbidgc — AUSTRALIA. Bai.ranai.d N.S. W Henderson 
3 5 5 (TAES). 

T. mitchelh Benth. — AUS'ERALIA Qi-i i n.si.and: Scarth-Johnson 15 (TAES). 

pungens R. Br. — AUSTRALIA. Qiii i n.si.and: Hubbard 1358 (TAES). 

Iriplaas purpurea (Walt.) CJhapm. — U.S.A. Tpxas. 2.5 mi NE of Kenedy Co.- / C johnson 1 557 
(TAES). 

Trtpogon .sp,talus (Nees) Ekman MEXICO. Virairux: Xai.apa, Beetle A\2218 (TAES). 

Va.seyoihloa multinervosa (Vasey) Hitchc. — U.S.A Ti-xas. Brooks Co.: Johnston 54508 (TAES). 
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Samples were examined at 5 ~ 15 kV with 0° tilt on a JEOL jSM-25 SII 
scanning electron microscope. Lemmas of selected genera were examined 
with electron beam x-ray microanalysis on the JEOL JSM-35 scanning el¬ 
ectron microscope to determine the elemental content of specific struc¬ 
tures. 

To examine the effects of herbarium preservation techniques on 
specimens, lemmas from living plants (Tridens) were fixed in 2.5% 
glutaraldehyde buffered in 0. IM sodium cacodylate for one hour; washed 
three times in 0. IM sodium cacodylate buffer for 10 min.; post fixed in 1% 
osmium tetroxide for one hour; washed three times for 10 min. each time 
with O.IM sodium cacodylate buffer; dehydrated in a graded series of 
ethanol; dried in a DCP-1 critical point drying apparatus; and coated with 
TV tube koat and 20 nm of gold palladium. Lemmas of several genera were 
cleaned in xylene in an ultrasonic cleaner for one hour to remove epicuti- 
cular wax. 


RESULTS AND DISCUSSION 

The micromorphological surface features of the lemma of the Eragros- 
tidcae exhibit typical "chloridoid characteristics (Prat et Vignal 1968), 
such as papillae, microhairs, macrohairs, abundant prickle hairs, and silica 
cells. This corresponds with the conclusion reported by Renvoize (1983) m 
the anatomical survey of the leaf blade of this tribe. Unique silica deposi¬ 
tion was observed in cork cells (Pigs. 1 — 2). An electron beam x-ray 
microanalysis of this structure indicated a high concentration of silica. The 
analysis of the cork cell for Erioneiiron avenaceim (Pig. 3) shows that a high 
silica concentration is associated with some artifacts of sample preparation 
(gold & palladium), and electrons emitted from the surrounding environ¬ 
ment within the microscope (copper). 

Lor comparative purposes, since all the samples were obtained from 
dried herbarium specimens, fresh lemma material from Tridens strictus was 
analyzed (Pig. 4). The osmium concentration was remarkably high due to 
the osmium tetroxide used in specimen fixation. The analyses of the prickle 
hairs and the silica cell (Pigs. 5-6) from rhe same Enoneuron avenaceum 
specimen used for the cork cell analysis, shows a high silica concentration. 

The presence or absence of the cork cell, silica cell, papillae, prickle 
hairs, microhairs, and macrohairs indicate four distinctive patterns within 
the tribe. The four patterns are discussed with representative examples. 

I. Cork cell associated with silica cell. In Pigure 7 the cork cell is 
evident with the associated round silica cell in Triodia irritans var. lax- 
ispicata. In Triodia pungens and Neeragrostis reptam, relatively short dumb¬ 
bell-shaped silica cells and the associated cork cell are shown (Figs. 8 - 9). 
Kidney-shaped silica cells and associated cork cell are evident in Eragrostis 
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eros,^ and E. wexicana (Figs. 10- 11), The cork cell, dumbbell-shaped 
silica cell, and prickle hairs of £. ciliaris (Fig. 12) exhibit a similar pattern 
reported by Baum (1971) in lemmas of Avena, and Terrell and Wergin 
(1981) in Zizania. 

II. Cork cells solitary. This pattern characterized a number of the 
genera observed. In five species of Tridens the shape of the cork cell varies 
from crescent or kidney- to flattened dumbbell-shaped (Figs. 13— 17). 
T;//Vzo/j (Fig. 18), Sohnsia {¥\^. 19), Elei/sine {Elg. 20), d.nd Dactylocteniiim 
(Fig. 2 1) have silica cells in rows that are not associated with the cork cells. 

III. Cork cells papillate. In these taxa the cork cell is associated with 
small rounded papillae, similar to the ones illustrated by Clark and Gould 
(1975), Thomasson (1978b), and Terrell and Wergin (1981). This pattern 
is seen in Leptochloa (Fig. 22), Tripogon (Fig. 23), Leptocarydion (Fig. 24), 
Gynniopogon (Fig. 25), Trichonei/ra (Fig. 26), Vaseyochloa (Fig. 27), and 
Scleropogon (Fig. 28). When a silica cell was observed it was associated with 
the cork cell and papillae. In Gouinia a cork cell and papillae are shown but 
prickle hairs are not abundant (Fig. 29). Erioneiiron seems to be in¬ 
termediate between pattern 1 and II, since the cork cell may or may not be 
associated with the silica cell (Figs. 3 1 ~ 34). The shape of the cork cell was 
characteristically elongated vertically in Erioneiiron, with an outline vary¬ 
ing between oblong to crenate or scalloped. An abundance of prickle hairs 
occurs along the epidermal lemmatae. 

IV. Cork cells not observed. This patterms was found in Miinroa (Figs. 
35 — 36). The microhairs observed were hemispheric and similar to those 
reported by Sanchez (1984). Similar microhairs were also present in the 
genus Erioneiiron. Papillae were also evident and abundant. Blepharidachne 
and Redfieldia have abundant prickle hairs throughout the epidermis (Figs. 
.37 — 38). Abundant prickle hairs have been reported for Blepharidachne by 
Sanchez (1983). In Pereilenia the prickle hairs arc associated with papillae 
over long cells (Figs. 39 — 40). However, a clear distinction could be made 
based on the long cell’s shape. Pereilenia ciliatiini has characteristic raised 
cell walls forming a ridge around the long cells. In Triniochloa papillae, 
prickles and pitted long cells are shown (Fig. 4 1). Macrohairs and an abun¬ 
dance of small hooks are seen in Sporoholiis ozarkanm (Fig. 42). Blepharone- 
iiron tricholepis and Mnhlenbergia eniersleyi have biccllular microhairs, prickle 
hairs, pa[iillae, and deeply undulating long-cells margins (Figs. 43 —44). 
This characteristic shape of long cells is also observed in Chaboissaea (Fig. 
15), Lyciirns phleoides (Fig. 46), Mnhlenbergia niiniitissinia (Fig. 47), and Al. 

Jastigiata (Fig. 48). Dumbbell-shaped silica cells with a relatively wide 
central portion are seen in /\I. plnmbea (Fig. 49), Sporoboliispyramidatns (Fig. 
50), 6. airoides (Fig. 5 1), 4. asper (Fig. 52), cryptandrns (Fig. 53), and 
Crypsis (Fig. 54). 
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FlC'iS. 1 — 6. Lemma micromorphology and graphs of electron beam x-ray microanalysis o(Eriotiei/nn 
and Tnikin. Note that a high silica concentration was found for all structures analyzed. Fig. 1. Silica 
bodies ncalley! (Tateoka s.n.). Fig. 2. Cdoseup of silica cell and associated cork cell. Fig. 3. Electron 
beam x-ray microanalysis of the cork cell of E. avenauim Uimier 6292). Fig. 1 Electron beam x-ray 
microanalysis of cork tell of iVaUes-R. t.«.) Fig. 5, Electron beam x-ray microanalysis of 

prickle hair. Fig. 6. Silica cell of £. avenacmm {Rca/er 6292). Au = gold; Cu - copper; Us - osmium; 
Pd - palladium, ph -- prickle hair; .sc - silica cell, cc = cork cell; SI = silica. 
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MGS. 7-- 12. SEM photomicrographs of lemma surfaces from selected genera of Eragmstideae. Note 

that the silica cells vary from short dumbbell- to kidney-shaped and are associated with a cork cell. Fig. 
7. 'I'Ywdui irritamM-A\. laxispuata (Heyuknon Fig.8. T. purigens {H/Mard 7 ^58). Fig. 9. Neeragrostis 

nphnis {Gould 11241). Fig. 10. Efugmiis emuHBye 69^6). Fig. 1 1. E. wexicuiia (Hutch el ul. 4^88). Fig. 
12. E. cthurii (Silveus 4065). SC = silica cell; cc = cork cell; ph - prickle hair. 
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PIGS 13 - IS Lemma epidermal patterns for Tridens and Trip/asis. The shape of the cork cell is 
kidney- to flattened dumbbell-shaped. The bullet-shaped bicellular microhair is characteristic of the 
genus 7Wr/e«j. Fig 13. Tndem alheuens {Gould 12869). Fig. l4. T texanus {Valdes-R. 1497). Fig. 15. T. 
anii^esun {Hatch 4121,). Fig. 16. T strictus {Valdes-R. s.n.). Fig. 17. T. mutuus var. ehmgatus {Gotdds.n.). 
Fig. IS. Tviplas!.^ purpurea {Johnson 1357). bm = bicellular microhair; cc = cork cell. 
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MC.S, 19-24. Lemma epidermal patterns for selected genera of Lragrostideae. Note the small 
papillae associated with the cork cell and the slender, villous macrohairs. Fig. 19. Sohnuafitifolui {Sohm 
I w/) with silica cells in rows and not associated with a cork cell. Fig. 20. i’/eus/m tmlua {lireedhve 
Fig. 2 1. i:>Mlyloclan/tiin/e}(yptn/w (Sdntcider 6329) Fig. 22, Leptochloa unnnrvM (Lnmml2731). 
Iig. 2L h-ipof^un \p/ia//n {Bcel/e M-221H). Fig. 24. Uplucuiydion v/dpia<lrum (Haich 42 Ki). sc = silica 
tell, cc ^cork cell, pa = papillae; ma = macrohair. 
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FlCiS, 25 ■ - 50. Lemma epidermal patterns for sekxted genera ot Lragrostideae. Note the small 
papillae associated with the tork cell, the slender villous macrohairs, and hemispheric hicellular micro- 
hairs. Prickle hairs are present on Guninui and lirnmninm. I'lg. 25. Gymnolmgiii: foliosnf {Duriche 12145). 
Fig. 26. Tnihowura ele^ain {Lonanl MS)) Fig. 27. Gnerot/Ma m//Unurima {Johistori 545()S). Fig. 28. 
Sikrolw^mi Imvtfdnn (Koih 17211). Fig. 29. Gnunua rngata {Gmild 122M). Fig 50. Rrwneimmpilosinn 
(Valc/n-R. /65.5) bm ” bicellular mitrohair, ma ^ macrohair, pa = papillae, ph prickle hair. 
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I'ICjS. 3 I — 36, Lemma epidermal patterns for selected genera of the Kragrosndeae. The cork cell 
shape is oblong to crenate in Eriorienron and Dasyochloa, with an abundance of prickle hairs. Munroa has 
hemispheric bicelkilar microhairs and an abundance of papillae Eng. 31. Enorm/ron nealleyi (Va!des-R. 
500J). Fig. .32. Dt/synthltki puldidla {Vulcks-R. 1691). Fig. 33, Er/orm/nm grandiflnriiw {Dat'idse 9.3/ 5). 
lug. 31 /:, avmau‘nm (Vald<is-R. /635), Fig. 33. Mi/imui sq/kimsa {Heurtckson 7490). Fig, .36, AT 
.!q//an-osa (Ri/ird/ 58H2). ci.- = cork cell; ph = prickle hair; sc = silica cell; bm = bicellular microhair; 
ma macrohair; pa ^ papillae. 
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FIGS. 37 —42. Lemma epidermal patterns for selected genera of the Eragrostideae. Cork cells are 
absent and prickle hairs are abundant. Fig. 37. Bkpharidachne bigelovii (Warnock 46198). Fig. 38. 
RedJieUiaflexHosa (Hiipeman s.n.). Fig. 39- Pereilema crmitum (Gould 14374). Fig. 40. Pere'tlema ciliatum 
with characteristic raised cell walls forming a ridge around the long cells (Brunken andPertno 314). Fig. 
41. Tnniochloa stipoides (Rzedowski 20233). Fig. 42. Sporobolus ozarkanus with unique abundant small 
hooks on the long cells, (Riggins 444). ph = prickle hair, pa = papillae; ma = macrohair. 






[■ICiS. I ‘i i<S epidermal patterns (or selected genera of the Eragrostideac. (d)tk cells are 

absent and prickle hairs common, Lon^ cells ate deeply undulating- with one papillae per tell that is 
located clistally, Fi^ 4 s B!el)lhtr<i>ii;iir<)ii trnhokpis {Breedlovt ISS55). Fig. 44. Mithlenherf’ia emersleyi 
(\Phlc^di. l-i-4) Fig. I-), ChaboiiiaM ligulaia {MiVaiigh /705.S). Fig, 46, Lyamn phimides UhUch d a!. 
■l4W) Fig, 17, M/ddenbeijM mim/tnama {Moran 241 53). Fig, 'IH, M. failtfria/a (Tiitni 975). bm - 
bicellular microhair, ma inacrohair, Ic = long cell; pa pajsillae; sc = silica cell. 
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FIGS. 19 — 54. l.emma epidermal patterns o(Spornholns and Crypsis. Silica cells are dumbbell-shaped 
Fig. 49. MuhUnkrgiaplumbi:a(P,ohm(->22). Fig. 50. Sporoboluspyramiciatns (Rzedowski202}5). Fig. 5 1. S. 
amndes (Gmdd 11550). Fig. 52. 5'. Mper (Gould 102H6). Fig. 5.5. 5. a-yptandrus (Gould 11285). Fig. 54. 
Crypsis nihctca (Cramptim .)5 73). sc = silica cell. 
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A summary of the epidermal features with high silica content is presen¬ 
ted in Table 2. Differences in the patterns of silica deposition are evident. 
Ihe results of the SEM micromorphological study of the lemma are con¬ 
sistent with those of the anatomical and epidermal features of the leaf blade 
for the members of the Eragrostideae as reported by Metcalfe (1960), Clif¬ 
ford and Watson (1977), Ellis (1979), Palmer and Tucker (1981), 
Renvoize (1983), Peterson (1989), and Peterson et al. (1989). Sckropogon is 
the only genus possessing all characters observed. 


'Iabi I 2, Presence ( + ) c 

r absence (-) of 

epidermal features on 

the lemma of Er 

agrosndeae grasses. 

GENERA* 



CHARACTER 



Cork 

cell 

Silica 

cell 

Papillae 

Prickle 

hairs 

Long cells 
strongly 
sinuous with 
one papillae 

Bkfhdndaihne 




p 


Bkpbtiyniieiiron 



4- 


4- 

CcUinwviip, 


+ 




Chahoissaea 



4- 


+ 

CiJpM.S 


+ 




Dailyloitetiuim 

+ 





Dasyinhiod 

+ 

+ 


4- 


V'.leusnte 

+ 

+ 

+ 

4- 


I:n/grost/s 

+ 

+ 


+ 


Enoni’/iron 

+ 

+ 


4- 


Cioinma 

+ 


4- 

+ 



+ 


f 



Leptoiarydum 

+ 

+ 

4- 

4 


l.vptiuhlod 

+ 


4- 



Lyimis 


+ 




iWuhkiilm-gid 


4 

4- 

4- 

4- 

Muimut 



4- 

4- 

4 

Neeniyrost/s 

+ 

+ 




Pi'm/ewd 



4- 

+ 

4- 

Redjic/dia 




4- 


St/eropogo/i 

+ 

4- 

4- 

4- 

4 

Sohmu, 

+ 

+ 




Sporobolus 


+ 

4- 


4- 

Tru-hmiain, 

+ 





Trukm 

+ 





’I'miidihUki 



4- 

4- 

+ 

Trmdui 

+ 

+ 

+ 



■Inphnn 

+ 





'Ihpijyiid 

+ 


4- 



VdSyymhlod 

4 


4- 




H'.cnera are alphabetical. 
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Phillips (1982) presented a numerical analysis of the tribe dividing the 
tribe into five groups based on gross morphology. The patterns of silica 
deposition reported here, correlate in part with that classification based on 
numerical analysis of morphological features. Tridens, Triplasis, Erioneuron, 
Mnnroa, Leptocarydion, Leptochloa, and Tripogon are placed in group A. The 
group is characterized as having lemmas with hairy nerves and frequently 
2-toothed mucronate or awned apices. All taxa in this group have similar 
silica deposition patterns except Eriomuron and Munroa, which are distinct 
from the other morphologically closely related genera. 

Nicora (1962) segregated Neeragrostis from Eragrostis based upon the ex¬ 
tremely long bicellular microhairs of the former. The silica bodies of 
Neeragrostis are dumbbell-shaped and the elongated bicellular microhairs 
arc due to a longer proximal cell. In this study both genera have similar 
epidermal features, which corresponds to the conclusions of Koch (1978). 
Koch examined Eragrostis in the southeastern United States and reported 
that E. hypnoides (Lam.) B.S.P. also has longer proximal cells in the bicel¬ 
lular microhairs. 

Elepharoneuron, Chaboissaea, Lycuriis, Mnhknbergia, Sporobolas, and Cryp- 
sis, a morphologically closely related group (Gould 1979), characteristical¬ 
ly lack the cork cells. Clayton and Renvoize (1986) segregate Mnhlenbergta 
and Sporobolus into the Sporobolinae subtribe using morphological 
characteristics. Although Clayton et al. (1974) earlier reported Sporo- 
boleae as a tribe somewhat artificial because of the small differences 
between Sporobolns and certain species of Eragrostis. Campbell (1985) dif¬ 
fered in placement of the genera and included them in the Cynodonteae 
tribe. 

As a result of the examination of the lemma micromorphology a realign¬ 
ment of the genera within the two subtribes is proposed consisting of 1) a 
subtribe Sporobolinae with Sporobolus, Muhlenbergia, Chaboissaea, Lya/rus, 
Blepharonei/ron, and Crypsis and 2) a subtribe Eleusinae with Tridens, Tripla¬ 
sis. Erioneiiron. Dasyochloa, Mnnroa, Leptocarydion. Leptochloa, and Tripogon. 
These two subtribes are not in agreement with the most recent classifica¬ 
tion (Clayton & Renvoize, 1986) where Blepharoneuron is placed in the El¬ 
eusinae and not in the Sporobolinae along with Chaboissaea, Crypsis, 
Lycurns, Mnhlenbergia, Pereilema, and Sporobolns. Campbell (1985) on the 
orher hand recognized a broadly defined tribe (Cynodonteae) that contains 
all of the genera proposed for this study. The results reported here indicate 
relationships of the subtribes within this subfamily. However, we 
recognize the need to correlate these data with gross morphology, as well as 
molecular, anatomical, and cytological characters to provide useful inform- 
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acion in delimiting tribes and resolving taxonomic problems within the 
bragrostideae. 
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